Phytoplankton and the viruses that infect them are locked in an evolutionary arms race, the nature of which is presently being revealed. A new study shows that cyanophage-mediated inhibition of CO 2 fixation enables the phages to recruit photosynthetically formed redox and ATP to fulfill their nucleotide and metabolic demand.
Although phytoplankton biomass is less than 0.5% of the total mass in photosynthetic organisms worldwide, they contribute approximately half of the global productivity due to their fast turnover, thus driving the aquatic food web and serving as a major sink of atmospheric CO 2 . The finding, over 25 years ago, that viruses are very abundant in the marine environment initiated intensive studies on their biological roles and interactions with hosts, including lysis and the demise of large-scale algal blooms and potential involvement in geochemical cycles [1] [2] [3] [4] [5] [6] . Clearly, these viruses exert a profound impact on their hosts -prokaryotes and eukaryotes -and constitute a major evolutionary driving force in the host genome, promoting lateral gene transfer as well as genomic rearrangements [5, 7, 8] . As a consequence of their high abundance and rates of infection, these viruses, by inducing cell lysis, also cause largescale release of dissolved organic matter, thus promoting marine microbial activity and modulating global biogeochemical cycles [3] .
In the earlier phase of cyanophage research, when genes encoding the photosystem II (PSII) reaction center were found in phage genomes [9] and shown to be expressed [10] , the accepted explanation was that these genes help cells to fortify their energy and redox production in order to fulfill the demands of developing viruses. Subsequent research, particularly using large-scale metagenomic analyses, revealed a high prevalence of viral-encoded auxiliary metabolic genes (AMGs) often encoding critical, rate-limiting steps of host metabolism. AMGs include genes involved in photosystem I, the pentose phosphate pathway, phosphate acquisition, sulfur metabolism, and sphingolipid, rhodopsin and DNA/RNA processing (see [7, [11] [12] [13] [14] and references therein). Metagenomic analyses strongly support the notion that viral auxiliary genes promote viral replication through both degradation of host DNA and RNA as well as a shift in the host metabolism towards nucleotide biosynthesis [15] . It is proposed that these 'accessory' genes enable viruses to boost certain aspects of host metabolism, thereby promoting viral propagation. Although a wealth of marine microbial genomic resources is now available, a fundamental understanding of the biochemical characteristics of these virally encoded metabolic genes is only just emerging, and their functional role in rewiring host metabolism and harnessing it for viral replication remains poorly understood.
A new study by Puxty and colleagues [16] , in this issue of Current Biology, now shows, for the first time, that infection of Synechococcus WH7803, an abundant group of marine cyanobacteria, with two different cyanophages (S-RSM4 and S-PM2d; Figure 1 ), severely inhibited CO 2 fixation. The inhibition occurred within 2-4 h, early in the latent period of the viruses (12-14 h) .
In contrast, variable fluorescencea parameter used to measure PSII activity -was not affected by cyanophage infection. Inhibition of the Calvin-Benson-Bassham (CBB) cycle (through which CO 2 fixation takes place) after infection with phages bearing a gene encoding CP12 was proposed in the seminal study of Thompson and colleagues [8] . CP12 regulates the CBB cycle in photosynthetic organisms, from cyanobacteria to higher plants, in response to the redox status by forming a supramolecular complex with two key CBB cycle enzymes, and downregulating their activity. Association/ dissociation of this complex, depending on the redox state of CP12, thus allows modulation of the CBB cycle in response to environmental cues such as light intensity [17] . Inhibition of CO 2 fixation in phage-infected Synechococcus cells thus lowers the host metabolic demand for redox and ATP. Furthermore, diversion of carbon to the oxidative pentose phosphate pathway in cyanobacteria expressing the phage genes zwf and gnd (encoding glucose 6-phosphate and 6-phosphogluconate dehydrogenases, respectively) also raises the supply of NADPH required for phage formation [8] .
One of the phages used by Puxty et al., S-RSM4, possesses cp12, zwf and gnd genes, which are involved in the degradation of reserved carbohydrates. Expression of these genes could explain the cessation of CO 2 fixation shortly after the adsorption of the phage. However, this is not the case with the other phage, S-PM2d, which does not bear these genes [16] . Here, inhibition of CO 2 fixation is slower than with S-RSM4 and is thus partly alleviated by higher illumination. Altogether, the effect of light intensity on CO 2 fixation in Synechococcus cells infected by the phages remains to be elucidated. One may expect that with PSII activity enhanced by the expression of phage-originated psbA and psbD genes, the CP12 would become reduced under high illumination, thus enabling the activity of the CBB route and CO 2 fixation. Possibly, the role of cyanobacterial CP12 is more complex than proposed for green algae and higher plants, indicated by the presence of a cystathionine-beta-synthase domain that may alter the response to extracellular and intracellular cues [18] . Additional transcriptome and metabolome analyses of control cells infected by phage S-RSM4 are likely to provide the explanation for the light intensity-independent inhibition of CO 2 fixation observed in this novel study.
Interestingly, adsorption of at least one of the phages, S-PM2d, is light dependent, with blue light being most efficient [19] . While the mechanism responsible for this remains to be elucidated, biologically speaking it does make sense, since the cells degrade reserve carbohydrates (mostly glycogen) in darkness, and the phages will not flourish in starved cells.
Another important aspect examined by Puxty and colleagues is the potential impact of reduced CO 2 fixation by phage-infected cyanobacteria on the contribution of cyanobacterial CO 2 fixation to the global carbon cycle. The development of new approaches may enable us to assess the extent of phage infection within marine habitats. In addition, new tools may help us reach an accurate assessment of the role of viruses in the 'biological pump', whereby atmospheric CO 2 is fixed by the phytoplankton, and which upon their demise transfers organic carbon to the sediments, thus feeding heterotrophic bacteria [20] . 
